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ABSTRACT

Both the solution mning operation used to produce storage space
for the Strategic Petroleum Reserve (SPR) and the transfer of oil into
"and out of the storage caverns are done through cavern wells. The
variety of well configurations, flow processes and fluid |evels encoun-
tered require a |arge nunber of calculations for proper design and opera-
tion of the SPR hydraulic system A well hydraulics code PIPWEL has
been developed to facilitate sone of these cal cul ations. Pl PVEL
cal cul ates the wellhead pressures, casing-seat pressures or flow rates
(given the pressures) for nost SPR | eaching or oil transfer operations.
This report describes the equations used in PIPWBL and is a guide for

its use.
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CL

CLO

HH

H1
H2
| FW
IPIT
ITAR

IVIiS

NOVENCLATURE

Coupling length for tubing (innernost concentric pipe)

Coupling length for hanging string (@ concentric pipe containing
t he tubing)

Hydraul i c dianeter D,-D
Hydraul i c diameter = Dy=Dy
D anet er

Quter dianeter of a coupling
I nsi de dianeter of tubing

I nsi de dianeter of the hanging string

I nside dianeter of the outer casing (a concentric pipe containing
t he tubi ng and hangi ng string)

Qut si de dianeter of the tubing

Qut side dianeter of the hanging string

Qut side dianeter of an inner concentric pipe
I nside diameter. of an outer concentric pipe
Friction factor

Casing seat depth

Tubi ng depth

Gl layer thickness in the cavern

Depth to the cavern roof

Depth of the hanging string

An option selection index

An option selection index

An option selection index

An option selection index

Hydraul i c resistance



Coupling hydraulic resistance
Total hydraulic resistance
Length of coupling
PCS Casing seat pressure
Pi pe section length of the tubing
Pi pe section length of the hanging string

pressure of an annular flow

P2 Pressure at the bottom of the hanging string
P3 Pressure at the bottom of the tubing

P4 pressure of the tubing

Q Fl ow rate

Flow rate in the outer

Flow rate in the tubing

S Specific gravity

SB Specific gravity of brine
SO Specific gravity of oi

S Specific gravity of water
T Tenperat ure

B Tenperature of brine

TO Tenperature of oil

Tw Tenperature of water

VISB  Viscosity of brine
Viscosity of oil
Viscosity of water
Pressure difference
Absol ute roughness of pipe walls

v Vi scosity



I NTRODUCTI ON

The caverns used to store oil for the Strategic Petrol eum Reserve
are connected to the surface piping through one or nore wells. Each
well can contain up to three concentric pipe strings which carry oil,
wat er and bri ne. Dependi ng on the process being carried out (direct
or reverse leaching, oil fill, oil withdrawal or leach-fill) different
flui d- pi pe path conbinations will be used. Al though the calculation
of pressure drops in the pipe strings and at the cavern |evels of
interest is straightforward for any process, the nunber of conbina-
tions of processes and geonetries make hand cal cul ations tedi ous and
i mpractical . A well hydraulics code, PIPWEL, has been devel oped to
al l ow quick evaluation of-the desired well pressures. This docunent
describes the fornmulas enployed in PIPWEL and its use for the analysis

of SPR fl ow processes.



THECRY

Fl ow Pressure Drop Through Tubi ng

The Darcy- Wi sbach equation for pressure drop per unit |ength, - .

Vp, in a straight, uniform |ong pipe isl
2 .\J‘\
wp=LpV (1)

2D
where f is the friction factor, p the fluid density, v the average
fluid velocity and D the pipe dianeter. To be consistent with the

units used in the SPR Equation (1) may be witten as

- 2
Vp = 1.1461x107° fS_SQ (2)
D

wher e vp pressure drop per foot (psi/ft)
s = Specific gravity of the fluid

Fl ow rate (BBL/day)

D

I nsi de pi pe dianeter (inches).
The friction factor, f, is iteratively calculated fromthe Colebrook-

Wi te relationl :

1 e/D . 2.51 (3)
= = =2 109, +
63 (3’7 ‘Re /f—)

wher e € i S the absolute pipe roughness

and Re is the Reynol ds Nunber based on dianeter.
A typical value of pipe roughness for SPR piping is believed to be
about 0.0016 inch, and this value was used in Equation (3) for all

cal cul ati ons. The Reynol ds Nunber is given by

Re = 92.2 g_v (4)

where the viscosity, v, is in centistokes and other synbols are as

previously defined.



Fl ow Pressure Drop Through Annulus

The flow pressure drop in the annular region of the concentric
well piping is slightly nore conplicated than that for the tubing
because the flow path is not uniform Figure 1 shows a typica
configuration where the couplings used to connect the inner tubing
are seen to reduce the flow area in the annulus at the end of each
pi pe secti on.

The pressure drop in the annular region due to friction is
al so given by Equation (2) except that the dianeter is replaced by
an equivalent dianmeter, Dg, Which is defined as*:

- - 3 290-2
D = [(D_-D )?(D +D )21 (5)

where . . D2 is the inner dianeter of the outer casing
and D) the outer dianeter of the inner casing as shown in

Figure 1.

The Reynol ds Number to be used in the friction factor cal cul ation

(Equation 3) is T
TN
Re =922 Q@ ) | (6)
L %
and the diameter, D, in Equatien-3 is replaced by
? d =D -D (7)

Q\‘ 2

N
3

The coupling dianeter, e repl aces D1 in Equations (6) and (7) for

t he regi on over the coupling.

*The hydraulic dianmeter, d = Dy-D;, nMay be witten as (D22-D12)/
(Dy4D;). Conbining this with thé substitution of QQA for velocity
in Equation (1) and reducing to the form of Equation (2) gives
the formfor the effective dianmeter, Dg, in Equation (5).
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In addition to the friction pressure |oss in-the annulus, there
is pressure | oss due to constriction and expansion of the flow
around the coupling. The hydraulic resistance (also known as the

| oss coefficient), K, of a constriction is awmmmmaf”z

d]_(D2+Dc)

=
I

and for an expansion is

K=\11- & (D,+D;)
wher e dl = Do-Dg

The hydraulic resistances of a coupling due to expansion and contrac-

tion are added to the hydraulic resistance due to friction, which is

where g is the length of the coupler, to obtain the coupling

hydraul i c resistance, K

c-
a d (D2+Dc) d; (D2+Dc) £ 2 (8)
= 0. - &, | * |1 - HIO,,7T +

Ko = 0511 2{Da+hy ! 2\Dy+Dy q;

Al the coupling K, values are sumred to give Kg. The pressure drop
across all the couplings, ap., is then found froman alternate form

of Darcy's |aw
7 2

9.562x10 KT S Q (9)

Ap =
(D22—D 2)
C




Wellhead Pressures

After the flow pressure drops in the annuli and tubi ng have been
cal cul ated they mnmust be conbined with the static pressure changes due
to depth and varying specific gravity to obtain the pressure at the
wellhead and ot her points. For each option this procedure is slightly
different, therefore a summary of the fornulas used are given here.

Gl Fill

Referring to Figure 2 for synbol neanings

P3 = P4 + 0.433 SBeHH + APT (10)
P2 = P3 = 0.433 SB(HHH -HO = 0.433 SQHOHH - H2) (11)
Pl = P2 - 0.433 SO H2 + APA (12)
PCS = P2 (13)

where APT and APA are the flow pressure drops in the tubing and
annulus respectively and SO SB and SWrefer to specific gravities
of oil, brine and water.

G|l Wthdrawa

P2 = P1 + 0.433 SO<H2 + APA (14)
P3 = P2 + 0.433 (SO(HO+H1-H2) + SB(HHH -HO) (15)
P4 = P3 - 0.433 SWeHH + APT (16)
PCS = P2 (17)

Ol Wthdrawal Wth Brine Replacenent

The equations are the same as (14) through (17) except SWin
Equation (16) is replaced by SB and APT is evaluated using brine

viscosity.
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Direct Leach

Referring to Figure 3 for synbol neanings, the equations are
the sane as (14) through (16) except SO is replaced by SB and APA
is evaluated using brine viscosity.

Equation 17 is replaced by ~

PCS = P2 -~ 0.433 (SsB(H2-H1-HO) + SO(H1+HO-H)) (17a)

S1

Reverse Leach

Referring to Figure 3, the equations are the sane as (10)
through (12) and (17a) except that SO is replaced by SW everywhere
but Equation (il) where it is replaced by SB. APA is evaluated
usi ng water viscosity.

Leach-Fi | |

Referring to Figure 3, equations (10) through (13) are used
(with appropriate dianmeters in Equations (5) through (9) for APA)
to evaluate the oil wellhead pressure. Then (10) through (12) and
and (17a) are used, as indicated in Reverse-Leach above, to evaluate

t he wat er wellhead pressure.
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CODE DESCRI PTI ON
In order to handle a variety of flow geonetries and well|l processes

wi thout a |arge nunber of input variables, the definition of some of

a——

End

=/ the input variables is allowed to change, depending on the flow geonetry - =~

P

L

and option sel ected.

-

N
L

Figure 2 shows the sinplest configuration possible, that of the
oil fill or withdrawal. An inner tube hangs to a depth HH inside a
casing of length H2 which is cenented at the depth H (in this case
H2 = H. The upper portion of the cavern is filled with oil to a
di stance HO bel ow the cavern roof, which is at a depth of Hl. The
inner and outer tubing dianeters are DI1 and Dol. In this case D12
is the inner dianeter of the outer casing. In the fill node the
brine wellhead pressure P4 nust be specified and for a specified
flow rate the oil well head pressure Pl and casing seat pressure.are
cal cul at ed. In the withdrawal node, Pl is specified and P4 is cal cu-
| at ed.

For | eaching processes the string configuration is usually simlar
to that depicted in Figure 3. An internmediate hanging string is
i ntroduced which carries the brine in direct |eaching or raw water
in reverse | eaching. Since the outer casing, which is used to nove
the oil level, is usually dormant during the |eaching process, the
vari abl es associated with it are not used or read in (except for the
casing seat depth H). The paraneters H2 and D12 now refer to the
internmediate string. As before the pressure on the outlet side of

the wellhead is specified and all other pressures are cal cul at ed.
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The nost conplex option is the |leach-fill node al so shown in
Figure 3. In this case all three passages at the wellhead are
active and values for D2 and D13 nust be supplied as input data.
The code cal cul ates the pressures in tw stages. First the oi
annulus and brine center brine string are treated, and then the raw
wat er annulus and brine string are treated. The total brine produc-
tion rate and oil flow rate nust be specified with the brine wel
head pressure.

Several other configurations of interest, involving two separate
wells into the sane cavern, can be used. Figure 4 shows a |l each-fil
schene in which the raw water is injected into one single string
well and oil injection and brine outflow occur in a concentric pair
in another well. By defining the input paranmeters as shown in the
figure the code may be "tricked" into handling this case.

Simlarly, Figure 5 shows the case of oil and water injection in
one well string pair and brine production in another well. Si mpl er
subcases exi st where two wells with single pipe strings are used for
| eaching or oil transfer. Figure 6 shows the appropriate paraneter
definitions for the direct and reverse |eaching cases. These also
correspond to the two-well oil withdrawal and fill cases where the
oil replaces the fluid in the pipe of length H2.

The ordinary node of operation for any process or geonetry is

e e vt

to specify the outl et wellhead pressure and flow rates at the wellhead

and have the code cal cul ate the pressures everywhere el se. For the

oil fill and withdraw and | each only nodes another option is possible,_
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SETDOI=O AND DC=0

( WATER ( OiL

| e D13
=
H2 DCO
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— ~ DI2
L |
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Figure 4. Paraneter Definitions for a Two Well Leach-Fill
Geonetry
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Figure 5. Paraneter Definitions for a Two Wll Leach-Fill
Geonetry
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SET DO1 =0 AND DC=0

DIRECT LEACH

—] [~ oIt —
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~=— DI1

Figure 6. Paraneter Definitions for a Two Wll Leach

Ceonetry
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The pressures at the wellhead outlet and inlet may be specified and

the flow rates which correspond to these pressures will be cal cul ated

if they are physically realizable for the option selected. This is

acconplished with an internal iteration schenme which can usually
match the desired pressures to within 0.1 percent.
The user also has the option of specifying the fluid viscosities,

or accepting a default viscosity calculation of curve fitted data as

fol |l ows:
For brine v = 1.1 S(BO/T)'85 (18a)
For wat er v = 1.1 s(eo/T) "85 (18Db)
For oil v = 50.0 (40/1)1-218 (18c)

The tenperatures, T, used in (18) are degrees F and are specified as
input data. The viscosities are in centistokes. The viscosity of
crude oil can vary greatly with conposition and tenperaturez,
Equation (18c¢) represents a fairly viscous crude and is probably an

overestimate for most SPR crude oils.

/
85 2
/.l x /2 /%%)gmg= 477

7
Ll ox 7 %) = .7/

~0 d
sv x {/J = M.375

X 7/

\
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I NPUT VARI ABLES AND OPERATI NG PROCEDURE
PIPWELL is designed to operate interactively with the user. The
first question it asks is whether the user wi shes to enter data by
hand from the keyboard or froma previously created data file which

is entered on input unit nunber 7.

If the user types in "5" the code will interrogate the user for
t he input data. If the user types in "7", all the remaining data
will be read from Tape 7.

If the user types "5", the code responds with a short tutorial
on avail abl e options and asks for the values of |IFW ITAR, IPIT and
IVIS. |IFWand ITAR are integer option selection indices which are

set according to the follow ng table.

’/D ¥Z/ . :
I/W /,/’/' p/ﬂ Table 1. Option Selection Table
X3 ¢
P/ ) /7//’
V]:Q 7 | FW ITAR #/ Opt i on
1 0 1 Gl fill
2 0 2 Gl wthdrawal
1 30 3 Reverse |each
2 30 4 Direct |each
3 0 5 Ol withdrawal wth brine
1 40 6 Leach-fill
IPIT Det er mi nes whether the pressure will be calculated fromthe flow

rates (IPIT=0) or vice versa (IPIT=1)
IVis Chooses the viscosity sel ection:
IVI S=O G ves default calculation (see Equations (10))

IVis=1 User wll specify viscosities
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After echoing the users reply, the code asks for values of:

DI1 = |Inner diameter of the tubing (inches)
DOL = OQuter diameter of the tubing (inches)
D12 = |Inner dianmeter of the next casing (inches)
Q1 = Flowrate in the annulus (BPD)
Q4 = Flowrate in the tubing (BPD)
SO0 = Specific gravity of oil
SB = Specific gravity of cavern brine
SW = Specific gravity of raw water
TO = Ol tenperature (°F)
TB = Brine tenperature (°F)
Tw = Raw water tenperature (°F)
H = (Casing seat depth (feet)
HH = Tubing depth (feet)
HO = Height of oil in the cavern (feet) (fromthe oil-brine
interface to the cavern roof)
H1 = Depth to the cavern roof (feet)
H2 = Depth of the hanging string surrounding the tubing (feet)
Pl = Annulus wellhead pressure (psi)
P4 = Tubing wellhead pressure (psi).
Not e: Unl ess IPIT=1 only one of the pressures P1 or P4 will be known
and required. I f the same known value is entered into both vari abl es,
the one that is not needed will be ignored.
After this data has been read, the code will ask for the values of:

CL = |nner tubing coupling length (inches)
Cl = Inner tubing coupling dianeter (inches)

PSL = Inner tubing section length (feet) (usually either 30 or 40 ft).

If IMS is |I.the.code will ask for:
VISO = viscosity of oil v y/
VISB = Vviscosity of brine V44

VISW = Vviscosity of water.
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If the leach fill node has been selected (ITAR=40) the code wil|l
ask for:
D2 = The outer dianeter of the hanging string (inches)
D13 = The inside diameter of the outer casing
CLO = The hanging string coupling I ength (inches)
DCO = The hanging string coupling dianeter (inches)

PSLO = The hanging string section length (feet).

Al'l of the above data entries are made with free format, |ist
directed read statenents. The values are typed in sequentially, as
requested by the code, and separated by any delimter (such as a
bl ank space or a comma). If the values defined in a previous run
are still valid for the present run successive commas wll |eave
t hem unchanged. If all values for a particular read request are
unchanged nerely type "1" which will leave all values after the |ast
data entry unchanged and will termnate the entry request.

An exanple of an oil fill calculation dialogue is shown in
Figure 7a. The data follow ng the question mark pronpts are entered
by the user. The input data are echoed by the code so that the user
can check that the right values were entered. Figure 7b shows the
out put data which follows. The pressures at the oil well head P1,

t he bottom of the hanging string P2, the bottom of the tubing P3 and
t he tubi ng wellhead P1 are all |isted and | abel ed.

The fl ow pressure drops in the annulus and tubing, the average
fluid velocities, the casing seat pressure (in this case the sane as
P2) are also listed. The erosion velocities for oil and brine and

the all owed casing seat pressure are printed as informational notes



RUN

g8a2s/07/29. 13.10.51.
PROGRAM WELS

Rgnn | NPUT FI LE NUMBER, S=KEYBOARD | ?7=DATAFI| LE

FOROL FILL SET IFU TO 1 AND 1TAR=0
FOR O L Ul THDRAUAL SET IFW=2 AND ITAR=0
FORO L W THDRAWAL Ul TH BRINE REPLACEMENT SETIFU=3 ANDITAR=0
FOR DI RECT LEACH SET IFU=2 AND ITAR=30
FOR REVERSE LEACH SET IFUW=1 AND ITAR=30
FOR LEACH-FILL SET IFW=1 AND ITAR=40
| Pf T-0 SOLVES FOR PRESSURE, 1 FI NDS @ FOR KNOWN PRESSURE
IVIS=0 FOR DEFAULT VISCOSITIES, =1 WHEN YOU SUPPLY THEM
READ IFU,ITAR,IPIT,IVIS

71000
| FU- 1 ITAR= 0 IPIT= © 1VIS- 0 I0P= 1

READ D11,D01,D12,01,04,50,5B,5U,TO,TB,TU,H,HH, HO,H1 ,H2,P1,P4
? 10.0,10.75,13.0,100000,,100000.,0.86,1.2,1.01 70.,110.,70.0
? 1900.,4000,,500.,2000.,1900.,50.,50.
FOR I'NNER TUBING ‘
READ COUPLI NG LENGTH, AND DI A. (INCHES), AND SECTI ON LENGTH (FT)
? 10.0 11.25,30.0

| NPUT DATA
DIis= 10.000 DpOi= 10. 758 DI2= 13.000 Q1= 100000.0 Q4= 100000.0

He +860 SBe 1.200 SU- 1.010 TO- 70.00 TB= 110.00 TU- 70.00
Hi= 1900.00 HH= 4000.00 HO- 500.00

2000.00 H2- 1900.00 Pi= 50.00 P4» 50.00 PSI1
COUPLING L= 10.000 D- 11.250 SECTI ON L= 30.00
Nuie 25 208 NU4- 1.007 REL= 15350. 33 RE4=  915617.92

FIGURE 7a INTERACTIVE DIALOGUE FOR AN OIL FILL EXAHPLE

6T



OUTPUT DATA
oL WELLHEAD PRESSURE Pis= 1467. 59 PSI

P2s= 1204.31 P3= 2283.14 PSI

BRINE UWELLMHEAD PRESSURE P4- se. 00 PSI

DYNAMIC PRESSURE DROP | N ANNULUS= 970.80 I N TuUBI NG= 78.74 PSI
QL VELOCITYs 22. 31 BRI NE VELOCITYs 11.92

CASING SEAT PRESSURE* 1204.31 PSI

EROSION VELOCI Tl ES OIL» 27.32 BRINEs» 23.13

DELP= -368 o CAPB= -.1050E-06 CAPO= -, 1Q050E-06

MAX CASI NG POINT PRESSURE ALLOWED* 1528.88 =0.8%H

?READ INPUT FILE NUMBER, S=KEYBOARD 7=DATAF| LE

FIGURE ?b  COMPUTER OUTPUT FOR AN OIL FILL EXAMPLE

0¢
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for conparison purposes. Three quantities |abeled DELP, CAPB and
CAPO are printed. These quantities are used to nodel the well in
anot her code, PIPNET, and will not be discussed in this report.
When not using PIPNET this output should be ignored.

For the values chosen in this exanple, it is seen from Figure 7b
that the oil well head pressure is 1467.6 psi. The user may decide
that since his oil punp can only punp'at 750 psi the flow rate he
entered was too high. If he wished to know what flow rate woul d
yield an oil wellhead pressure of 750 psi, he would rerun the code
as shown in Figure 8. The option selection change of IPIT fromO to
1 and the new value for Pl of 750 psi are all that is needed. The
output of the rerun now al so contains new values of Ql and Q4 of
52747 BPD which is the flow that matches the prescribed oil wellhead
pressure of 750 psi. At the end of each output, the code cycles
back to the first question to allow the user to nmake reruns.

Figure 9a and 9b shows an exanple of running froma data file
prepared in advance as TAPE7. The contents of TAPE7 are shown at
the top of Figure 9a and correspond to data for a leach-fill case in
which the user will specify the fluid viscosities. The user responds
to the first question with, 7, and the code does the remaining print-

out. The first I NPUT-OQUTPUT DATA set corresponds to the oil annulus
and brine string, and the second set corresponds to the raw water

annulus and brine string.



S
FOR OIL FILL SET 1FU TO0 1. AND Jrnn..
FOR OIL WITHDRAWAL SET 1FU=2 AND ITAR
FOR OIL UIMDRAUAL WITH BRINE REPLACEHEN‘I’ SET 1FU=3 ANO ITAR=0
FOR DIRECT LEACH SET 1FU=2 AND 1TAR=30
FOR REVERSE LEACH SET 1FuU=1 AND 1TAR+30
FOR LEACM-FILL SET IFU-1 ND! I1TAR=40
IP1T«@ SQLUES FOR. PRESSURE ! 5'NDS 0 FOR KNOUN PRESSURE
IV1S+0 FOR DEFAULT oxscosx'hss. =1 UHEN YOU SUPPLY THEM
READ 1FU, ITAR, IP1T,IVIS

721010
IFUe 1 I1TAR= @ 1IPITs {1 IVISe ® 10Pe 1
READ D11,DO1, 012.01.04$$0 +5B,5U,T0, T8, TU,H,HH, HO,HL ,H2,PL , P4

rog“"’).fu‘i""‘.' eV
gE;D COUPLING LENGTH, AND DIA. (INCHES), AND SECTIOM LENGTH (FT)

INPUTDATA

DIte 10.060 DO1- 10.7560 DI2- 13.“0 Ql= 100000.0 Q4° 100000.0
S0 ,860SD= 1.200 SUu» 1.010 TO+ 70.00 The 110.00 Ty~ 70.00
He 1000.00 MH= 4000.00 HO« 500.00

His 2000.08 M2~ 1900.00 Pi. 750.00 _ P4~ 50.00 PS|
COUPLING L+ 10.000 D- 11.250 SECTION L. 30.00

OUTPUTDATA

OIL VELLHEAD FRESS!RE P 1 - 750.47 PSI

P2e “149.2%2.. 2151.52 _PSI

BRINE UELLMEAD PRESS& P4 50.00 PSI|
DYNANIC PRESSURE DROP IN ANNULUSe 399.290 IN YUlING' 23.12 PSI

OQIL  VELOCITYYe “0.77 BRINE VELOCITY.

CASING SEAT PRESQIRE' . 1148.70 PSI

EROS!ON VELOC1TIES OolIL* 27.32 BRINE 23.13
Q1. 52747, 88 Q4. $2747.88

DELPs -368.05 CAPBe ~,119SE-06 CAPQ« ~.1195€E-06

MAX CASING POINT PRESSURE ALLOUEDs 1520.000 o.M\

’REQD INPUT FILE MUMBER, GsKEVBOARD ,  7+DATA FILE

FIGURE 8 A SAMPLE RERUN OF AN OIL FILL EXAMPLE

(A4
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CASING SEAT PRESSURE* 1466.94 P81
EROSION VELOCITIES OlLe 27.32 BRINE- 23.13
DELP»  -368.05 CAPBe ~,437E-07 CAPOs ~,4856E-06

fMAaX CASING POINT PRESSURE ALLOVEDs 1680.000 5\

INPUT DATA
DI 8.000 DO1- 8.635 Di2- 12, 750 Q1= 7aece.e Q4= 100000.9

$0= 1.010 SBe 1.200 Su- 1.81¢ TO- 0.60 Th- 90.00 Tu- 70.00
..00

He 2100.00 HH=  4300.00 KO-
His 2300.00 K2+ 2500.00 Ple 855.99 P4» 50.00 PS1
COUPLING L~ 10.000 D+ 9.250 SECTION L~ 40.00

NUie 1.666 NU4- 1.366 RE1=  310854.34 RE4«  3886538.46

OUTPUT DATA :
UATER UEI.UEQD PRESSURE P1» 617.43 PSI
P2  1615.89 PJe 2551.17 PSI

BRINE UELLMEAD PRESSURE P4s 50.00 PS|
DYNARICPRESSUREDROP TN ANMILUS= '~ 04 87 IN rumc- ab6.89 psi
UATER VELOCITY 9.27 BRINE VELOCITY.

CASING SEAT ESSURE' 1466.94 P
EROSION VELOCITIES OIL. 27 32 BRINE 23.13
DELP=  -205.68 CAPBe -,3618E-07 CAPO» ~.6959E-07

MaX CASING POINT PRESSURE ALLOUED= 1680.66 ® 0.8tW .

’REQD INPUT FILE NUMBER, S<KEVBOARD .,  7<DATA FILE

FIGURE9b A LEACH-FILL EXAMPLE (Continued)

Ve
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On the Sandia NCS system the code PIPWEL may be accessed and executed
by the follow ng conmands:
FTNTS

GET, WELS/UN=AJRUSSO
ZRUN

The code shoul d tespond as shown in Figure 7 through 9.

/7}//44/*/‘// Wﬂ/}

For Somple  pupe  [fons
Lrws= 2 Fr4A=30 L7 = O rvis= O

veoyg = o0 pe =0
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SUVVARY

The conputer program Pl PWNEL has been devel oped to calculate the
wellhead and casing seat pressures in SPR cavern wells. The options
avail able are oil fill, oil withdranal (wWth water or brine replace-
ment), direct |each, reverse |each and leach-fill. For the first
five of these options, the user may choose to specify the wellhead
pressures and PIPWEL will calculate the resulting flow rates. For
any option the user may enter all the fluid viscosities or accept a
code default cal cul ation. Data entry to PIPWEL nmay be interactive

or froma previously prepared data file. PIPWEL is currently active

on the Sandia NOS system



1.

R P. Benedict,
NY, 1980.
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REFERENCES

Fundanental s of Pipe Flow, John WIley & Sons,

Fl ow of Fluids Through Values, Fittings and Pipe, Crane Co.

Techni cal Paper

410, 1969.



INPUT DATA ,

DIi1= 6.000 DO1= 7.000 DlIz2= 13.000 Ql= 100000.0 Q4= 100000 .8
so= .B68 SB= 1200 SW= 1000 TO= 10000 TB= 80.00 TWw=  80.00
H= 2500.00 HH= 4800 . 00 HO= 2000.00

Hi=  2700.00 H2= 3500 . 00 Pl= 888.88 P4=  800.00 PSI
COUPLING L= 7.000 b= 8.000 SECTION L= 40.00

MU1= 55,000 MU4= 1.300 REI= 8381.82 RE4= 1182051.28

OUTPUT DATA

OIL WELLHEAD PRESSURE Pl= 800 .88 PSI

pPz= 2240.30 p3= 2739.12 PSI

WATER WELLHEAD PRESSURE P4= 1739.38 PSI

DYNAMIC PRESSURE DROP IN AMMULLUS= 136.97 IN TUBING= 1078.67 PSI

OIL VELOC I TY= 9.93 WATER VELOCITY= 33.11
CASING SEAT PRESSURE= 2240.30 PSI

EROSION VELOCITIES OlL= 27.32 BRINE= 23.13
DELP= -276.25 CAPB= .1216E-86 CaPO= 1216E-86

MAX CASING POINT PRESSJJRE ALLOWED= 2000.00 =8.3%H

../ JOF X
7 4 = PIT = o j//‘
T & ITAA 0' 1y



INPUT DATA

DIl= 6 ‘000 DD1= 7.000 DI2= 13.000 Q1= 100000.0 Q4=100000 .9
SO= .868 SB= 1.200 SW= 1.000 TO= 100 .88 TB= 80.00 TW= 80.00
H= 2500.00 HH= 4800.00 HO= 2000.00

Hi= 2700.00 H2= 3500.00 Pl= 800.00 P4= 889 .08 PSI

COUPLING L= 7.000 D= 8.000 SECTION L= 40.00

NUI= 16.379 NU4= 861 REI= 28146.33 RE4= 1733959 . 18

L&
=

OUTPUT DATA

OIL WELLHEAD PRESSURE P1= 300.00 PSI

pPa= 2207.16 P3=  2705.97 PSI

WATER MWELLHEARD PRESSURE P4= 1691.08 PSI

DYNAMIC PRESSURE DROP IN ANMULUS= 103.83 IN TUBIMG= 1063.50 PSI

OIL VELOCITY= 9.93 WATERUVELOC | T¥= 33.11
CASING SEAT PRESSURE= 2207.16 PSI

EROSION VELOCITIES OlL= 27 .32 BRINE= 23.13
DELP= -276.25 CAPB= .1167E-B6 CAPD= 1167E-B5

MAX CASING POI NT PRESSURE ALLOWED= 2000.00 =8 .8%H

o T PTT -0 oo =
I/{V’ ,//L jj) % I/ /



“~
INPUT DATA
DIl= 3.000 D0N1= 0.000 DIz= 3.000 Q1= 7500.0 Q4= 7500.0
SO= .868 8B= 1.200 SW= 1.200 TO= 80.00 TB= 80.00 TW= 80.00
H= 20.00 HH= 50.00 HO= 20.00
Hi= 25.00 H2z= 50.00 Pi= 800.00 P4= 800 .88 PSI

COUPLING L= 4.000 b= 0.000 SECTION L= 30.00

NUI= 1.320 ¢ Mu4= i.834 Ei= 174621 .21 RE4=  222924.92
OUTPUT BATA 2

BRINE WELLHEAD PRESSURE PI= 800.00 PSI

P2=829.03 P3=829.03 PSI

WATER MWELLHEAD PRESSURE P4= 806.04 PSI

DYNAMIC PRESSURE DROP IN AHMULLS= 3.05 IN TUBING= 2.39 PSI
BRINE UELOCITY= 9.93 WATER VELOCITY= 9.33

CASING SEAT PRESSURE= 817.12 PSI

EROSION VELOCITIES OlL= 27 .32 BR I ME=- 23.13

DELP= 0.00 CAPB= »1874E~-86 CAPO= .1874E-86

MAX CASING POINT PRESSURE ALLOWED= 16.00 =8.8%H




rFw = A
Ci#A=

L /Pet7T =O
L vzs =20

°r 2 = 3
Lo 7 = o
pgIrzZ = 3
D/ zsoo
&4 = 500
S0 = .36

58 = /2
Swo=  JZ
Jo = g7
7E = 5
g7
S Jopo
A# = 5o
A0 = Soo
Al = Jooo
A2 = 5o
s = &oo
P4 = 00
CL = 7
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30100 PROGRAM PIPWELC(INPUT,OUTPUT,TAPES= INPUT, 1apE7)
ﬂ0105C#***#*****ﬁ*************************************4
g0110cC ISSUED BY SANDIA NATIONAL- LHBURQTURIES
0115C A PRIMECONTRACTOR T THE
J0120C UNITED STATES DEPARTMENT OF ENERGY
ﬂG}2%(********4****&**ff*&******NDTICF*4***4**§************************54***
a0 »U( THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE
0035C UN | TED STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE
UQl4C {UNITED STATES DEPARTMENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES,
00145¢ NOR ANY OF THEIRCONTRACTORS ., SUBCONTRACTORS, 0OR THEIR EMPLOYEES,
S0150C MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL
00155C LIABILITY OR RESPCINSIBILITY FOR THE ACCURACY,COMPLETENESS OR
30160C USEFULNESS 0F ANY INFORMATION, APPARATUS, PRODUCT OR PROCESS
0165C DISCLOSED, (1R REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY
SN OWNED RIGHTS,

10385 DIMENSION NAMEDC7 . NAMEB(7]
00190 COMMON /WELP/ H,HH,H1,H2 ,HO,HB,P1,P2,P3,P4,VB,V0,EVB,EVO,PSMB,
00195+ PSMO,PBAD, DPPD,DPPB,P?ST,PQST,IPIT.DDE,DI3,CL.DC,PSL,
70200+ CLD. DCO, PSL

ot SWLMISD MISR O UTSH  TYES T0P, TW,PCS,SUS

7 DATA NAMRR/RHARING SHHATER, SHRRTNE.E, '—LW ATER, Rx5HBRINE/

.. % DATA NAMEO/3HOIL,3HOIL,SHWATER,SHBRINEC,3=3HOIL/

.. P2=P3=U0-VB-PSMB-PSMO-PBAD=PMAXC-EVO=EVB=0.0

PRINT 2
? FORMAT C1H ,=READ INPUT FILE NUMBER, S5=KEYBOARD ,  7=DATA FILE=)
Ri 5. +) N-

€
& 00250 w::-éEﬁﬁ Fw = . oIvES PIPLINE, =1FILL.. 2 WITHDRAWAL, 3. HITHDRQN
® 00255C  WITH BRINE REPLACEMENT? FOR L-F SET" IFW=1AND 'ITAR=40"
00260 PRINT 3

00265 3 “hNﬁf(T L=FOR OIL FILL SET IFW TO 1 AND ITAR=0 Sy
00270+ /,= FOR OIL WITHDRAWAL SET IFW=2 AND ITAR=( =/,
00275+ = FOR 0IL WITHDRAWAL WITH BRINE REPLACEMENT SET IFW=3 AND ITAR=0 =/,
00280+ = FOR DIRECT LEACH SET IFW=2 AND ITAR=30=/,
00285+ = FUR REVERSE LEACH SET IFW=1AND ITAR=30=/,

. 00230+ * FOR LEACH-FILL SET IFW=1AND ITAR=40 =/,

"t 00295+ = IPIT=0 SOLVES FOR PRESSURE, 1 FINDS Q FOR KNOWN PRESSURE*/,

00300+ = IVIS=0 FOR DEFAULT VISCOSITIES, =1 WHEN YOU SUPPLY THEMx)
00305C IPIT=1 MEANS THE FLOW RATE WILL BE ITERATED TO GIVE Pl AND p4
00310 IOP=2
00315 PRINT 5
00320 READ (NU,=) IFW.ITAR,IPIT,IVIS
. 00325 5 FORMAT( *READ IFW,ITAR,IPIT,IVIS=) | _
£00330 IFCEOF(NUMD T 7 7 .7, ook : e E e g
,00335 7CONTINUE - \
00337 ITARS=ITAR - — |
00340 TF( IFW ,EQ :2 ' IoP=2 "¢~ ¥ IR
00345 IF(IFW.EQ.1) IOP=1 - ‘ -
00350 IFCITAR.EQ.30) IOP=IFK+2
00355 IF(IFW.EQ.3) I0P=5
§ - 00360 IF(ITAR.EQ.40.AND.IFH.EQ. 1) IDP 6
00365 IF(IFHZEQ.0) IOP=7 .
00370 PRINT 8, IFH, ITAR, IPTT, VIS, TOP

00375 8 FORMAT(SH IFW= 13, 5X SHITﬁR* I3 SX _HIP [
00380+ 4HIOP=,15)

0385 PRINT o=

-,13,2X,5HIVIS

Poatizersl
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00397 IF(IDP EQ 6) PRINT 11 i :
00398 11 FORMAT(> Q1 IS THE OIL- FIL "RATE RINE PRUDUCTIUN (BPD)*)
00400 READ (NU,=) DI1,D01,DI2,Q0,QB,SO SB,SN,TG TB, TH,H,HH,HO,H1 ,H2,P1,P4
00402 Q0ST=Q0
00403 GBST=QB
00405 PRINT 12
0410 12 FORMAT(= FOR INNER TUBING=/,=READ COUPLING LENGTH,=
D041%+ = AND DIA. (INEHES), AND SECTION LENGTH (FT)#)
g"'n READ(NU,=> CL,DC.PSL
; ~ IFC(IVIS.EQ.0) GO TO 50
51430 PRINT 40
00435 40 FORMAT(20HREAD VISO.VISB,VISW
00440 READ(NU,=> VISO.VISB.VISH
00445 50 CONTINUE
(00450 SOS=S0O
00455 IF(ITAR.EQ.40) PRINT 15
00460 15 FORMAT(=READ DOZ2,DI3.CLO.DCO (ALL IN INCHES), PSLDO IN FEET=/.
00465+ = CLO = COUPLING LENGTH, DCO=COUPLING DIA, PSLO=SECTION LENGTH= )
00470 IFCITAR.EQ.40) READ (NU,*) DDZ.DIB,CLD,DCD,PSLD
00475 H25=H2
00480 IF(ITAR.EQ.40) H2=H
00482 P1ST=P1
00483 P4ST=P4
00485 20 CONTINUE
00490 IF(ITAR.GE.30.AND.HO+H1.GT.H2S) PRINT 31
00435 31 FORMAT(= WARNING t!'! OIL LEVEL IS BELOW BRINE STRING=)
00496 IFCITAR.EG.4C.2ND.Q0.EQ.GB)Y PRINT 33
00437 33 FORMAT(+« KHRNING!!! Q0=QB LEACH FLOW IS 0O =)
00505 PRINT 90
00510 90 FORMATC(/,11H INPUT DATA )
00515 PR I N T 100,DI1,D01,DI2,Q0, QB, SD,DB SW, 10, TB TN 'H,HH,HO, H1., H2,P1,P4
00520 100 FORMAT(SH DI?~ FS 3, 2X 4HDD1— FS 3,2X,4HDI2= Fq 2X 3HQ1— F10 1.
00525+ 2X,3HB4=,F10.1./.4H SO= F7 3,4H SB JF7.3,4H SW=,F7. 3 SH TO=,F9. E,gx
00530+ 3HTB=,F9.2,2X,QHTN ,F9.2,/,3H H=,F10. 2.,2X, 3HHH= F10 2, ?x 3HHO=,F10.2./,
00535+ 4H H1=,F10.2,2X, 3HH2= Fxo 2 5x,3HP1~ F10.2,3X, 3HP4 JF10.2,4H PSI )
00540 IF(ITAR.EQ.40) PRINT 101, DO2.DI3
00545 101 FORMAT(5H- D0O2=,F9. 3_5X 4HDIS=,F9.3)
00550 IF(ITAR.NE.40) PRINT 102,CL,DC,PSL
« 00555 IF(ITAR.EQ.40) PRINT 102,CL0O,DCO,PSLO
00560 102 FORMAT(= COUPLING L=x=,F8.3,2X,2HD=,F8.3, SECTION L==F8.2)
00565 IF(IOP.EQ.4) SO=SB
00570 IF(IOP.EQ.3) S0=SHK
90575 CALL NELL(QU @B,DI?,DO1,DI2,SB,SO,TB,T0,IFW,ITAR)
00580 PRI NT 105
00585 105 FORMAT(//,12H OUTPUT DQTQ /)
0610 IFC(IFW.EQ.Q) GD 10119 - :
0&515 PRINT 112.NAMEQCIOP).P1 _
g%gsllz FORMAT(1H ,A5, 22H HELLHEHD PRESSURE P!— FIO 2 4H PSI) R
PRINT 113,P2; P3 h A +‘hl%“
00630 113" FDRMQT(4H pP2=,F10.2,5X, 4H P3 FTO 2 4H PSI) oo o
UUb3S PRINI 114, NRMEB(IUP) P4 = ’
00640 114 FDRMHT(IH ,AS, 22H NELLHEHD PRESSURE P4 F10 2 4H PSI
00645 PRINT 116, DPPU DPPB , i e
00650 116 FURMAT(34H DYNAMIC PRESSURE DRUP IN A NULUS FS 2‘”
00655+ 12H° IN TUBING= ,F9.2,4H PSI):: ‘ : P 0
00660 PRINT 115, NAHEU<IUP) VU NAMEB(IUP) VB
00665 115 FDRMQT(1H ,AS, 10H VELOCITY F10 2.
AOOS?OC PRINT 116, NHMEB(IUP) PSMB NRMEU(IUP PSM

e MBS e e i L

ﬁ”ﬂ‘?f‘l’



'700675C 116 FDRMHT(25H NQXIMUM SURGE#PRESSUR
00680C+-1H=,F10.,2) “ =

00685 PRINT - 121 PCS PR

00690121 FDRMHT(22H CHSING* ERT,PRESSUR
00695C"PRINT 117, PBAD ”

00700C 117 FORMAT(30H MAXIMUM CQSING SEAT PRESSURE— F10.2.04H PSD
00705 119 CONTINUE

00710 PMAXC=0,80xH
00715 PRINT 120, EVO,EVE
00720 120 FORMAT(19H EROSION VELOCITIES ,5X,4HOIL=,F10.2,5X,6HBRINE=,F10.2)
00725 IF(IPIT.NE.0) PRINT 140,Q0,QB
H0730 140 FORMAT(4H §1=,F12.2,5X,3HQ4=,F12.2)
.00735C DELP AND CAPO OR CAPB ARE PIPSPR WELL MODELING PARAMETERS
-00740 IF(IFW.EQ.0) GO TO 300
90745 HDUM=HO+H1
00750 DELP=0.433x%(S0-SB)*HDUM
00755 IF(IFW.EQ.2) DELP=0.433%(SO*HDUM+SBxHB-SH=HH)
00760 DELPN=P4-P1
00765 CAPO=(DELPN-DELP)/(QO=Q0+1.0E~10)
00770 CAPB=(DELPN-DELP)/(@B=QB+1.0E-10)
00775 PRINT 200,DELP,CAPR,CAPD
00780 200 FORMAT(EH DELP=,F10.2,5X,5HCAPB=,E12.4,5X,5HCAPO=,E12.4,/)
00785 PRINT 125, PMAXC
00790 125 FORMAT(35H MAX CASING POINT PRESSURE ALLOWED= ,F10.2,
00795+ 8H =0.8%H ,//// )
00800 IF(ITAR.EQ.40.AND.IFW.EG.1) GO TO 700
00805 GO TO 400
00810 300 PRINT 310, DPPO,DPPB,VO,VB
00815 310 FORMAT(32H PIPELINE PRESSURE DROP FOR OlL= ,F10.2,5X,10HFOR BRINE=
00820+ ,F10.2,9H PSI/MILE,/,14H OIL VELOCITY=,F9.2,5X,1SHBRINE VELOCITY=,
00825+ F9.2,5H FT/5 )
00830, 400 CONTINUE
00831 ITAR=ITARS
00832 QO=Q0ST
00833 S$0=50S
00834 P1=P1ST
00835 P4=P4ST
00836 QB=QBST
00837 REWIND 7
00838 GO TO 1
00840 700 CONTINUE
00845 ITAR=30
00850 IOP=3
00855 Q0-(QB-Q0)<1.03 =~
00860 H2=H2S & SN=SW
00865 GO TO 20
777 CONTINUE
STOP ¢
““END e
- SUBROUTINE WELL<QO,QB,DI1,D01DI2,SB,S0,TB,T0,IFH,ITAR)
COMMON - /WELP/ H,HH,H1,H2, 10, HB P15 P2:P3 P4 VB VO ,EVR,EVD,PSMB ;:
5+ PSMO, PBAD, DPPO, DPPB,P1ST, PAST, IPIT,DO2,DI3, CL DC,PSL,
00900+ CLO,DCO,PSLO
00305+ ,SH,VISO,VISB,VISW,IVIS, IOP, ™
0091. 0" IF(TOPLEQ. 4> S0-SB
00915 6=32.2 |
00920 DPPO=DPPB=0 .0
00925 _AMUD=50.0=(40.0/T0)**1.218
00930 IF(ITAR.GE.30) GO TO 2
00935 IF(ITAR GE.1) AMUD=0 30+*EXP(172

A5, 1H=,F10.2,5X A5,

,?£H PSI )

LI R R




g¢00940 2 CDNTINUE
700945 "AMUB=1.1=SB*(80.0/TB)*=0.85
00950 “IF(IFW.EQ.2) AMUB=1.1xSK={(60.0/TH)*=0.85
00955 - IF(ITAR.EQ.30.AND.IFW.EQ.1) AMUD=1.,1=SW*(60.0/TW)==0.85
00960 IF(ITAR.EQ.30.AND.IFW.EQ.2) AMUO=1,1=SB=(80./TB)*=0.85
00965 DE=((DI2-D01)=%23%(DI2+D01)**2) () 2
00970 DEC=DI2-DC
00975 DEP=DI2-D01
00980 IF(ITAR.EQ.40) DEC=DI3-DCO
00985 IF(ITAR.EQ.40) DEP=DI3-D0O2
¢ G0990 IF(ITAR.EQ.40) DE=((DI2-D02)==3%(DI3+D02)==2)==(,2
H0995 IF(IVIS.LT.1) GO TO 4
01000 AMUG=VISO
01005 AMUB=VISB
01010 IFC(IOP.EQ.3) AMUO=VISH
01015 IFCIOP.ER.4) AMUD=VYISH
01020 IF(IOP.EQ.4) AMUB=VISHK
01025 4 CONTINUE
01030 IT=0
01035 3 CONTINUE
01040 AAN=DIZ==2-DO1==2
01045 AANC=DI2=*2-DC==?
01050 IF(ITAR.EQ.40) AAN=DI3==2-DO2==2
01055 IF(ITAR.EQ.40) AANC=DIZ**2-DCO*x2
01060 RE0=92.2=DEP=Q0/(AMUG*AAN)
01065 REC=92.2=DEC=Q0/(AMUD=AANC)
01070 EPS=0.0016
01075C SET IFW=0 FOR PIPELINE CHLCULATIONS
061080 IF(IFW.EQ.0) GO TO 500
01085 REB=92.2*QB/(DI1=AMUB)
01090 IF(IPIT.EQ.0) PRINT 5,AMUD,AMUB.RED.,REB
. 01095 5 FORMAT(/,5H NU1= ,F9.3.5X,4HNU4=,F9.3,5X,4HRE1=,F12.2,5X,
i 01100+ 4HRE4=,F12.2)
01105 FB=F0=0.01
31110 FC=0.01
01115 10 FBS=FB
01120 FOS=FO
01125 FCS=FC
01130 FB=1.0/¢4.0=AL0G10CEPS/(DI1=3,7)+2.51/(REB*SART(FBS) ) )*x2)
01135 FO0=1.0/¢4.0=ALOGI0(EPS/(DEP =3.7)+2.51/(REO*SQRT(FOS) ) )==2)
01140 FC=1.0/¢4.0*ALOGI0CEPS/(DEC*3.7)+2.,51/(REC*SQART(FCS) ) )*=2)
01145 IF(ABS(FB-FBS)/FB.GT.0.001) GO TO 10
01150 -IF(ARS(FO-FOS)/FD.GT.0.001) GO TO 10
01155 - IF(ABS(FC-FCS)»/FC.GT.0.001) GO TO 10
91160 IF(REO.LE.3000.0) FO=64.0/RED
01165 IF(REB.LE.3000.0) FB=64.0/REB
"01170 IF(REC.LE.3000.0) FC=64,0/REC
V175 DPB=1.1461E-5=FBxSB*QB*%2/(DI1%%5)
01180 "DPO=1.1461E-5=F0%S0=Q0%*2/(DE*x5)
01185 AKC=1.0-AANC/AAN
01990 AKS=0.5=AKC+AKC=*2 -~ . =o o =+ .
01195 NPS=INT(H2/PSL)
01200 IF(ITAR.EQ.40) NPS= INT(H2/PSLO)
01205 AKF=FCx=CL/DEC . >
{01210 IF(ITAR.EQ.40) AKF=FC=CLO/DEC o
¥ 01215 AKT=FLOAT(NPS)*(AKS+AKF) ;
© 01220 DPOC=9.562E-7=AKT=S0*Q0%*%2/AANC*»2
0 1225 DPOT=DPO=H2=(1.0-CL/(12.0%PSL))+DPOC
01230 IF(ITAR.EQ.40) DPOT=DPO=H2»(1,0-CLO/(12,0xP
- 01235. HB=HH-H1 -HO $ HD=HH- Hl. 8 HDUM H1+H :




01240C
01245
01250
01255
01260
01265
01270
01275
01280
01285
01290
J1235
01300
01305
01310
01315
01320
01325
0 1330
0 1335
04340
01342
01343
01345
01350
01355
01360
01365
01370
01375
01380
01385
01390
01395
01400
01405
01410
01415
01420
01425
01430
01435
01440
01445
01450
01455
01457
61460
- Q1465
01470
01475
01480
01485
01490
01495

01500

01505

01510 -

01515

01520

IFW=? FOR DIL INJECTION , 2 FOR WITHDRAWAL
IF(IFW.EQ.2> GO TO 100
IF(IFW.EQ.3) GO T0O 100

#P3=P4+0.433%SB*HH+DPB=HH

SV=Snh
IFCIOP.EQ.3) SVY=SB
P2=P3-(0.433=SB=HB+0,433=SV=(HO+H1-H2»)
P1=P2-0.433=S0=H2+DPOT
PCS=P2-0.433%«(SB*(H2-HDUM)»+S0OS= (HDUM-H»)
IFCIOP.EQ.1) PCS=P2
IF(INF.EQ.6) PCS=PZ
IFCIPIT.EQG.O0) GO TO 90
FﬁC=<P18T—P1)/?1ST
IFCABS(FAC) .LT.0.301) GO 70 90
DUM=AMIN1 (ﬁBC(»HC) 0.2/FLOATCIT+ 1
FACT=SIGN(DUM,.FAC)
QU=QU*(1.G+FQC?>
QB=GB=(1, 0+FACT
IT=1T7+1
IFCIT.GT.10M GO T O a0
GO TD 3
80 PRINT 85 _
85 FORMAT(= |ITERHTICN LIMIT EXCEEDED? SOLUTION INACCURATE=)
90 CONTINUE
XF=DPB=HH
60 Tn 200
100 P2=P1+0.433=50=H2+DP0OT
P3=P2+(0,433=S0=(HO+H1-H2)>+0.433*SB=HR)
IF(IFW.EQ.3) GO in 110
DPB=DPB=«SW/SE
P4=P3-0.433%SW=HH+DPB*>HH
GO 70 120
110 P4=P3-0.433=SB=HH+DPB=HH
120 CONTINUE
PCS=P2-0.433=(SB=(H2-HDUM) +S0S= (HDUM-H))»
IFCIOP.EQ.2) PCS=P2
IFCIPIT.EQ.0) GO 7O 150
FAC=(P4ST-P4)/P45T
IF(ABS(FAC).LT.0.001) GO Tn 150
DUM=AMINT(ABS(FACY,0.2/FLOATC(IDIMCIT,200+1))
FACT=SIGN(DUM,FAC)
Q0=Q0=*(1.0+FACT)
GB=QB=(1.0+FACT)
IT=1T+1
IF(IT.GT.100) GO Tn 140
GO 10 3
140 PRI NT 85
150 CONTINUE
XF=DPOT ‘
200-VB=0.01192=QB/DI1%=2
V0=0501192=Q0/ (DI2%*2-D01%x2)
| F(ITAR EQ 40)v0=0.01192%Q0/(DI3%*2-D02%x2)
RHOW=62.3
EVB=200.0/SQRT(RHOW=SB) ) _
EV0=200.0/SQRT(RHOW=S0S) - TEAL T
CEK=3:1E5/(1.0+3.1E5*DI1/(3. 0E7*(DUI DII)))
A=SQRT(144,0%G=EK/ (RHOW=SB) ) & L
PSMB=0.433%VB=A=SB/G ,
EK=3.1E5
‘9 SQRT(144 0*G*EK/(RHOH¥SU))




G0 T0°700
01555C PIPELINE CALCULATIONS
01560 500 EVO=200.0/SQRT(62.3%S0S)
01565 EVB=200.0/SQRT(52.3=SB)
01570 R=0.1190/(DI2=AMUO)=Q0
(*1575 RB=0.1190/(DI2=AMUB)*QB
01580 F0=0.0018+0.0062%(1.0/R)*=0, 355
R1585 FB=0.0018+0.0062%(1.0/RB)=*0.355
01590 DPP0=0.241xF(=S0=Q0=*2=1,1/DI2==5
01595 DPPR=0.241=FB=SB=QB=*=2x1,1/DI2%x5
01600 VYB=0.01192=QB/DI2*=2

01605 V0=0.01192=00(DI2==2)

01610 THICK=0.%

01615 VWD=4720.0=<1,0+214000.0=DI2/(3. OEY*THICK))
01620 PRI=VHO=V0=S 5/74.g

01625 PRF=2.,0=PRI/VWD

01630C  PRISE=PRF=L{(FT)/T(SEC)

01635 AL=67.0 $ T=180.0

01640 ¥*=0.5=DPP0=AL /PRI

01645 PRISE=AMIN1(PRI,PRF*5280. G*QL/T)
01650 PRAD=(1.0-TANH(X))*PRISE

01655 P1=PRI - 3 P2=PRISE

01660 PRINT 320 =
01665 320 FORMAT(/,39H ﬂIL SURGE PRESS RISE
01670 PRINT 630,PR! _*\

01675 ssongRma1<JH PRF= E12 5
01685
01690 END
READY.




FTNTS
READY .
RUN

FOR DIL FLLL SET IFW TO 1 AND
FOR DIL WITHDRAWAL SET IFH=2 QNB ITAR=0" 5
FOR OIL WITHDRAWAL WITH BRINE REPLACEMENT SET:
FOR DIRECT LEACH SET IFW=2 AND ITAR=30
FOR REVERSE LEACH SET IFW=1 AND ITAR=30
FOR LEACH-FILL SET IFW=1 AND ITAR=40 v f
IP1T=0 SOLVES FOR PRESSURE, 1 FINDS Q FOR KNDNN PRESSURE
< IVIS—O FOR DEFAULT VISCOSITIES. = 1 WHEN YDU SUPPLY THEM
e,EQD IFW,ITAR,IPIT,IVIS

o ITAR= O 0 IVIS= O 10P= 2
D DI?,.DOY,DI2,01,04.50,SB.SK.T0,TB, Th.H HH.HO,H1.H2,P1,P4
7.5.10.,5000..5010.,.3,1.1,1., |

ERMII

NATED=




